One ejaculate from each Of 13 bulls was used to determine the influence of glycerol level on post-thaw susceptibility of spermatozoa in French straws to cold shock. Treatments were arranged factorially and included yolk-Tris and yolk-citrate diluents; 7, 9 and 11% glycerol;and exposure to 1, 20 or 37 C water baths for 3 rain immediately post-thaw. Percentage of motile spermatozoa and percentage of intact acrosomes were quantitated after 0-, 4-and 8-hr incubation at 37 C to determine the effect of the post-thaw treatments on spermatozoa. Within each diluent and glycerol level, significant (P<.01) damage to cells resulted from the 1 C post-thaw treatment. Percentage of glycerol in the yolk-citrate diluent did not affect acrosomal maintenance in any of the post-thaw treatments. However, in the yolk-Tris diluent, 11% glycerol significantly (P<.01) reduced the percentage of intact acrosomes in all post-thaw treatments. Within the 7 and 9% glycerol levels Tris buffered semen had higher (P<.01) percentage of motile spermatozoa than the citrate buffered semen when both were exposed to the 20 C and 37 C post-thaw treatments.
INTRODUCTION
Rapid thawing rates of semen packaged in plastic straws have been shown to significantly increase the post-thaw acrosomal maintenance and percentage of motile spermatozoa (Wiggin and Almquist, 1975; Robbins et al., 1976) . However, unless critically timed (Senger et al., 1976) rapid thaw rates result in higher internal straw temperatures which increase the probability of sperm damage following exposure to low post-thaw temperatures. Senger et al. (1976) also demonstrated that when semen was thawed at 35 C for 1 rain and immediately exposed to a 1 C ice water slurry, significant reduction in motility and acrosomal maintenance occurred. Robbins et al. (1976) demonstrated that when rapid thaw rates were used the level of glycerol should be increased to achieve optimal postthaw recovery of spermatozoa. Rodriguez et al. (1975) reported that glycerol levels should be decreased as freezing rates were increased to achieve optimum post-thaw sperm recovery. Although freezing rate was not studied in the present experiment the literature indicates that an optimum glycerol level must be determined to afford cells maximum protection against temperature shock during all stages of semen handling. Therefore, the objective of this study was to determine the influence of varying glycerol levels in two diluents on acrosomal maintenance and sperm motility of semen packaged in plastic straws which were thawed at 35 C for 1 rain and exposed to various post-thaw temperaturcs.
MATERIALS AND METHODS
One ejaculate from each of 13 mature bulls housed at Select Sires Inc., Plain City, OH 43064 was collected by artificial vagina. Treatments were arranged factorially and included yolk-Tris and yolk-citrate diluents; 7, 9 and 11% glycerol; and exposure to 1, 20 or 37 C water baths for 3 rain immediately post-thaw. All ejaculates were diluted to a total sperm con-4 Depar~nent of Animal Sciences.
centration of 50 x 106/ml and packaged in . ml French straws. Semen cooling, glycerolation, equilibration and freezing in liquid N2 vapor were performed by Select Sires Inc. Groups of three straws were thawed in a 35 C water bath for 1 min and were immediately exposed to post-thaw treatments of 1, 20 or 37 C water baths for 3 minutes. These treatment temperatures were chosen to provide a wide range of temperature decline within the straw which may occur under field conditions. Semen from the three straws was then pooled in a test tube and immediately evaluated (0 hr) for percentage of motile spermatozoa and percentage of intact acrosomes by phase contrast microscopy and differential interference contrast microscopy, respectively. Samples were incubated in a 37 C water bath with subsequent evaluations at 4 and 8 hours. Data were analyzed using analyses of variance testing the main effects (ejaculate, level of glycerol, diluent and postthaw treatment) and all possible two-way interactions. Significant differences among treatment means were determined by Duncan's New Multiple Range Test. Probability levels of P>.01 were not considered significant.
RESULTS AND DISCUSSION
A significant (P<.01) glycerol x diluent interaction was present for both motility and percentage of intact acrosomes. These interactions are illustrated in figures 1 and 2. Within the same glycerol level, semen exposed to the 1 C temperature had significantly (P<.01) lower percentage of intact acrosomes (table 1) than those exposed to the 20 C and 37 C post-thaw temperatures. Percentage of intact acrosomes was lower in the 1 C treatment at each hour of evaluation in both diluents. Within each postthaw treatment, semen diluted in yolk-Tris containing 11% glycerol had significantly (P<.01) lower percentage of intact acrosomes than semen containing 7 and 9% glycerol at each hour of evaluation. However, in semen diluted in yolk-citrate there were no significant differences in percentage of intact acrosomes between glycerol levels within the same post-thaw treatment.
The data demonstrate that resistance of the acrosome to damage following exposure to cold post-thaw temperatures was not influenced by the level of glycerol in either diluent (figure 1). In the yolk-Tris diluent 11% glycerol resulted in damage to the acrosome regardless of the postthaw treatment. This damage was present at the Ohr evaluation (table 1) thus suggesting that damage occurred during semen processing. Presumably this damage was caused by a toxic effect due to the combination of 11% glycerol with the Tris buffer. Damage to the acrosome did not occur in the citrate buffered semen containing 11% glycerol. Research by Robbins et al. (1976) and Rodriguez et al. (1975) suggests that the damage to sperm observed in the Tris buffered semen containing 11% glycerol may be reduced by subjecting the straw to a faster thaw (>35 C) and/or slower freeze rate.
The higher motility associated with the Tris diluent (7 and 9% glycerol, table 2) when compared to the citrate diluent (7 and 9% glycerol) suggests that Tris sustains motility slightly better than citrate. However, caution should be exercised in this interpretation since acrosomal maintenance has been shown to have a higher correlation with field fertility than motility (Saacke and White, 1972) . 
